) and tical areas and processing related to selection and attenremained physically present for the duration of the trial. tion at more advanced visual processing stages. Here, Several hundred milliseconds following target onset, we investigate the nature of this interplay, with a focus there appeared a surrounding pattern consisting of movon how perturbation of a salient stimulus' representation ing randomly distributed dots (dioptically in Figure 1 ). in the early topographic areas might ultimately lead to Subjects were required to report visibility of the target its complete perceptual suppression.
Introduction pearance. Unlike BRFS, suppression occurs in the absence of interocular spatial conflict, although we show Salient visual stimuli may elude perception even if presented near the center of the visual field. Such invisibility that it is aided by other types of interocular discrepancy. And unlike MIB, the moment of target disappearance is is in some cases brought about by stimulus conditions that disrupt early target representations (Breitmeyer, determined by an external event. Here, we explore the basic properties of GFS, with particular attention paid 1984; Macknik and Livingstone, 1998), while in other cases it is attributed to deficits in visual attention (Driver to the effects of stimulus timing, interocular differences, target content, and surround structure. In the Discusand Vuilleumier, 2001; Mack and Rock, 1998 ). Yet, most often, visual suppression cannot be accounted for by sion, we speculate on the underlying neural mechanisms of this phenomenon and compare our results with other purely "low-level" or "high-level" mechanisms ( The basic stimulus sequence of GFS is illustrated in 1999; Wade, 1978) . Instead, research suggests that the Figure 1 . Subjects viewed two screens binocularly contents of perception are ultimately determined by inthrough a mirror stereoscope. After a few moments of terplay between feature representations in the early corfixation, a target appeared (monocularly in Figure 1 ) and tical areas and processing related to selection and attenremained physically present for the duration of the trial. tion at more advanced visual processing stages. Here, Several hundred milliseconds following target onset, we investigate the nature of this interplay, with a focus there appeared a surrounding pattern consisting of movon how perturbation of a salient stimulus' representation ing randomly distributed dots (dioptically in Figure 1 ). in the early topographic areas might ultimately lead to Subjects were required to report visibility of the target its complete perceptual suppression.
by pressing buttons (see Experimental Procedures). FolOne well-studied example of suppression is perceplowing the addition of this second pattern, the target would often appear to vanish, and remain invisible for up to several seconds, leaving a "blank" in the original *Correspondence: david.leopold@tuebingen.mpg.de target position. The blank never "filled in" with surround volved with the inherent delays in subjects' responses, we further estimated the true subjective latency by subdots but did adopt the background color. In a typical trial, the subject pressed the button when the target tracting from these distributions the medians of the reaction time distributions (assessed in separate trials with appeared, released it shortly after presentation of the surround (during perceptual suppression), and then physically disappearing stimuli). The resulting times, estimating the delay between surround onset and the ocpressed it again when the target reappeared.
We first investigated the temporal requirements for currence of perceptual suppression, ranged in their median between 201 and 291 ms. the disappearance of the target in GFS in an effort to determine its relationship to other suppression phenomWe further tested the generality of the GFS effect by asking what types of sudden changes in the surround ena, such as BRFS and metacontrast masking. Figure  2A shows the resulting probability of disappearance as might instigate target disappearance ( Figure 2D ). As reported above, stationary dots flashed on the screen, a function of SOA (stimulus onset asynchrony), for surround dots that were moving (᭹) or stationary (᭺). For condition (i), were effective in eliciting target disappearance. In the other conditions, the target was placed from both surround types, disappearance probability was an increasing function of SOA, with maximal disappearthe beginning of the trial in the context of a field of stationary random dots. In cases where the dots sudance achieved following roughly 1 s of exposure to the target alone. Disappearance with small SOAs was condenly started to move (ii), or underwent a color change from white to green (iii), the target tended to disappear siderably less frequent, particularly in the case of the stationary dots. The effect of target duration was signifiimmediately on a substantial proportion of trials. This was not the case in the control condition (iv) without cant [F(9,99) ϭ 31.5, p Ͻ 0.001], whereas the difference between moving and static dots did not reach statistical any events, in which instances of target disappearance were rare. The removal of the surround pattern never significance [F(1,11) ϭ 2.69, p ϭ 0.13]. These dynamics closely resemble those observed during BRFS (Wolfe, initiated target suppression; however, the sudden freezing of surround motion did sometimes have this effect 1984) but differ substantially from the timing requirements for visual masking, where optimal SOAs are gen-(data not shown). erally an order of magnitude smaller (Breitmeyer, 1984; Macknik and Livingstone, 1998).
Effects of Ocular Configuration
We next investigated the effects of ocular configuration We next tested the probability of disappearance according to the properties of the target itself. The effect by testing various combinations of monocular and dioptic target and surround (Figure 3) . These results show of target eccentricity is shown in Figure 2B , which reveals that although fixated patterns can occasionally that the highest probability of suppression occurred when the target was shown only to one eye and the disappear (20% of the time for this stimulus), the probability of suppression increased greatly when the target surround was shown either to the opposite eye alone or to both eyes in correspondence. This appeared to center was a degree or more from the center of gaze ure 5B. Note that, even with large PZs, the target somedone first by changing the density of the dots but keeptimes disappeared, particularly when the surround eleing the overall spatial extent constant. The results from ments were moving. To test whether PZ size was in some this experiment, shown in Figures 4A and 4B , demonstrate that disappearance probability was an increasing sense the critical factor determining the probability of disappearance, we next varied the target diameter while nant in establishing the probability of target disappearance. keeping the PZ constant ( Figure 5C ). In repeating this for several PZ sizes, we again found an effect of PZ size
The data in Figure 5D show that, as was the case with dot density above, the latency of target disappearance sual cortex (see Discussion). To explore this possibility, Specificity of GFS Adaptation Finally, given the generality of GFS suppression, its spawe designed a stimulus in which the spatial separation was varied between two concentric ring targets (Figure tial requirements, and the need for a period of exposure or adaptation, we were interested to learn how these 6A), with subjects reporting the disappearance of each ring using two buttons. If perceptual suppression invarious factors might interact. In particular, we were curious how similar the initial "adapting" target must be volves spatial propagation inward from the inducing surround pattern, the outer ring should disappear first, folto the "test" target (when the surround is present) in order for the test target to disappear. The first such lowed after a delay by the inner one. The results in Figure  6B plot the mean difference in disappearance times (᭹, experiment, outlined at the top of Figure 7A , examined how a change in position between the adapting and inner minus outer rings) as a function of ring separation. Note that the delays are generally positive valued, inditest stimuli influenced GFS disappearance. In the test condition, the screen was blanked briefly (to mask lowcating that the outer ring consistently disappeared before the inner one. In fact, unlike the inner ring, the outer level motion transients) after the adaptation phase, and the surround appeared with the target shifted in space one nearly always disappeared within a fraction of a second, presumably because of its proximity to the edge (᭹) In GFS, the target disappeared much more frequently of the target was not responsible for the observed trends, since the bar disappeared equally at all orientawhen there was some form of interocular discrepancy. Unlike binocular rivalry, this did not entail direct spatial tions when the adapting and testing orientations were the same. These results demonstrate that adaptation conflict but was instead most pronounced when the target was monocular and the surround was binocular requirements for GFS are highly specific and suggest that the weakening or disruption of early sensory stimuand in perfect correspondence. 
